Image Classification Based on Bayes Discriminant Functions  by Ducinskas, Kestutis et al.
doi:10.1016/j.proenv.2011.07.038
Procedia Environmental Sciences 7 (2011) 1–11
Available online at www.sciencedirect.com
Procedia Environmental Sciences 7 (2011) 218–223
6SDWLDO6WDWLVWLFV±0DSSLQJ*OREDO&KDQJH
,PDJH&ODVVLILFDWLRQ%DVHGRQ%D\HV'LVFULPLQDQW)XQFWLRQV
.ĊVWXWLV'XþLQVNDVD/LMDQD6WDELQJLHQơE*LHGULXV6WDELQJLVED
DE'HSDUWPHQWRI6WDWLVWLFV.ODLSHGD8QLYHUVLW\+0DQWR.ODLSHGD/7/LWKXDQLD


$EVWUDFW
,QVWDWLVWLFDOLPDJHFODVVLILFDWLRQLWLVXVXDOO\DVVXPHGWKDWIHDWXUHREVHUYDWLRQVJLYHQFODVVODEHOVDUHLQGHSHQGHQWO\
GLVWULEXWHG >@ (YHQ LQ WKH FDVH ZKHQ WUDLQLQJ VDPSOH LV IRUPHG E\ GHSHQGHQW IHDWXUH REVHUYDWLRQV WKH IHDWXUH
REVHUYDWLRQVWREHFODVVLILHGDUHRIWHQDVVXPHGWREHLQGHSHQGHQWIURPWUDLQLQJVDPSOH>@>@3URSRVHGDSSURDFKLV
EDVHG RQ WKH UHWUDFWLRQ RI WKLV DVVXPSWLRQ E\ FRQVLGHULQJ WKH VWDWLRQDU\ *DXVVLDQ UDQGRP ILHOG *5)PRGHO IRU
IHDWXUHV>@7KHFRQGLWLRQDOGLVWULEXWLRQRIFODVVODEHODWXQFODVVLILHGORFDWLRQSL[HOLVDVVXPHGWREHGHSHQGHQWRQ
LWV ORFDWLRQ VSDWLDO DGMDFHQF\ ZLWK VSDWLDO IUDPHZRUN RI WUDLQLQJ VDPSOH )RU JLYHQ WUDLQLQJ VDPSOH WKH %D\HV
GLVFULPLQDQWIXQFWLRQ%')DQGSOXJLQ%')3%')DUHSURSRVHGIRUFODVVLILFDWLRQ3HUIRUPDQFHRIWKHSURSRVHG
%') DQG3%') DUH WHVWHG DQG FRPSDUHGZLWK RQHV LJQRULQJ VSDWLDO FRUUHODWLRQ DPRQJ IHDWXUH REVHUYDWLRQV WR EH
FODVVLILHGDQG WUDLQLQJVDPSOH ,Q WKH ILUVW H[DPSOH WKH UHVWRUDWLRQRI WKH LPDJHRI ILJXUHFRUUXSWHGE\ WKH*5) LV
SHUIRUPHG E\ SL[HOV FODVVLILFDWLRQ ,Q WKH QXPHURXV SDUDPHWULF VWUXFWXUH FDVHV WKH DGYDQWDJH RI SURSRVHG %')
DJDLQVWFRPSHWLQJRQHLVVKRZQYLVXDOO\DQGLVFRQILUPHGQXPHULFDOO\,QWKHVHFRQGH[DPSOHWKUHHVSDWLDOVDPSOLQJ
GHVLJQVIRUWUDLQLQJGDWDDUHFRPSDUHGRQWKHEDVLVRIDFWXDOHUURUUDWHYDOXHVRISURSRVHG3%')
.H\ZRUGV,PDJHFODVVLILFDWLRQ*DXVVLDQUDQGRPILHOGV$FWXDOHUURUUDWH%D\HVGLVFULPLQDQWIXQFWLRQ
,QWURGXFWLRQ
,PDJHFODVVLILFDWLRQLVDSUREOHPRIGLYLGLQJDQREVHUYHGLPDJHLQWRVHYHUDOKRPRJHQHRXVUHJLRQVE\
ODEHOLQJSL[HOVEDVHGRQ IHDWXUH LQIRUPDWLRQDQG LQIRUPDWLRQDERXW VSDWLDO DGMDFHQF\ UHODWLRQVKLSVZLWK
WUDLQLQJ VDPSOH 6ZLW]HU >@ ZDV WKH ILUVW WR WUHDW FODVVLILFDWLRQ RI VSDWLDO GDWD )RU IHDWXUHV EDVHG RQ
*DXVVLDQ0DUNRY5)PRGHO WKH LQIOXHQFH RI WH[WXUH URWDWLRQ WR LPDJH FODVVLILFDWLRQ LV FRQVLGHUHG E\

&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVNHVWXWLVGXFLQVNDV#NXOW
1878-0296 © 2011 Published by Elsevier Ltd.
Selection and peer-review under responsibility of Spatial Statistics 2011
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd.
 Selection and peer-review under responsibility of Spatial Statistics 2011
Open access under CC BY-NC-ND license.
Ke˛stutis Ducˇinskas et al. / Procedia Environmental Sciences 7 (2011) 218–223 219
'HQJDQG&ODXVL>@6SDWLDOFRQWH[WXDOFODVVLILFDWLRQSUREOHPVDULVLQJLQJHRVSDWLDOGRPDLQLVFRQVLGHUHG
E\6KHNKDU >@$WNLQVRQDQG1DVHUSURSRVHG WKHJHRVWDWLVWLFDOO\ZHLJKWHGFODVVLILHU IRU UHPRWH VHQVHG
LPDJHU\>@
,W LV XVXDOO\ DVVXPHG WKDW IHDWXUH REVHUYDWLRQV FRQGLWLRQDO RQ ODEHOV DUH LQGHSHQGHQW FRQGLWLRQDO
LQGHSHQGHQFH DQG QRUPDOO\ GLVWULEXWHG DQG WKH ODEHOV IROORZ WKH 5DQGRP )LHOG 5) PRGHO 7KLV
DSSURDFKLVZLGHO\XVHGLQLPDJHFODVVLILFDWLRQ>@
,QWKHSUHVHQWSDSHUZHSURSRVH%D\HVFODVVLILFDWLRQUXOHVE\UHWUDFWLQJWKHUHTXLUHPHQWRIFRQGLWLRQDO
LQGHSHQGHQFH$OVRWKHREVHUYDWLRQRIIHDWXUHVWREHFODVVLILHGLVDVVXPHGWREHGHSHQGHQWWRWKHIHDWXUHV
REVHUYDWLRQVLQWUDLQLQJVDPSOH
7KHVWDWLRQDU\*DXVVLDQ5DQGRP)LHOGV*5)PRGHOIRUIHDWXUHVDQG05)PRGHOIRUFODVVODEHOVDUH
FRQVLGHUHG ,Q WKH FDVH RI SDUWLDO SDUDPHWULF XQFHUWDLQW\ WKH SOXJLQ %') LV SURSRVHG 7KLV LV WKH
JHQHUDOL]DWLRQ RI WKH GLVFULPLQDQW IXQFWLRQ GHULYHG LQ WKH FDVH RI WUDLQLQJ VDPSOH ZLWK IL[HG WUDLQLQJ
VDPSOHDQGIL[HGSULRUSUREDELOLWLHVIRUODEHOV>@:HGLGWKHQXPHULFDODQGYLVXDODQDO\VLVRISURSRVHG
GLVFULPLQDQWIXQFWLRQLQWKHFDVHRILVRWURSLFH[SRQHQWLDOVSDWLDOFRUUHODWLRQIRUWKH11QHLJKERUKRRG
V\VWHPV$OVRZHKDYHDQDO\]HGWKHDFWXDOHUURUUDWHYDOXHVRISURSRVHG3%')IRUWUDLQLQJGDWDLQWKUHH
VSDWLDOODEHOVGHVLJQV
7KHPDLQFRQFHSWVDQGGHILQLWLRQV
6XSSRVHWKDW WKHIHDWXUHLVPRGHOHGE\*DXVVLDQUDQGRPILHOG^ `   5= V V '   ,QWKHFRQWH[WRI
LPDJHDQDO\VLVLQGH[6PHDQVSL[HO
7KHPDUJLQDOPRGHORIREVHUYDWLRQ=VLQFODVV O: LV
   O= V VP H    
ZKHUH  O VP LVPHDQRUGULIWDQGWKHHUURUWHUPLVJHQHUDWHGE\]HURPHDQVWDWLRQDU\*DXVVLDQUDQGRP
ILHOG  ^ `V VH ' ZLWKFRYDULDQFHIXQFWLRQGHILQHGE\PRGHOIRUDOO V X' 
   ^ `  FRY V X U V XH H V    
ZKHUH  U V X LVWKHVSDWLDOFRUUHODWLRQIXQFWLRQDQG V LVYDULDQFHDVDVFDOHSDUDPHWHU
/HW ^ `/  EH D ODEHO VHW$ ODEHO RI SL[HO V' DVVRFLDWHG ZLWK=V LV D UDQGRP YDULDEOH<V
WDNLQJYDOXHVLQ//HW ^ ` Q L6 V L Q   ' EHDVHWRIWUDLQLQJSL[HOV6736HW     Q< < V < V c 
DQG     Q= = V = V c DQGFDOOWKHPODEHOVYHFWRUDQGIHDWXUHVYHFWRUUHVSHFWLYHO\
7KXVWKHYHFWRU  7 = <c c c FRQVWLWXWHVWKHWUDLQLQJVDPSOH
6XSSRVH WKDW WKH HYHQW ^ `7 W LV HTXLYDOHQW WR WKH HYHQW ^ ` ^ `= ] < \    ZKHUH W ] \ DUH WKH
UHDOL]DWLRQVRIWKHFRUUHVSRQGLQJUDQGRPYHFWRUV
6XSSRVHWKDWWKH6736QLVIL[HGDQGOHW  Q6 ' '  ZKHUH'OLVWKHVXEVHWRI6QWKDWFRQWDLQV1
ORFDWLRQVZLWKODEHOVHTXDOOO DQG11 
:HFDOO ^ ` 7 ' '[  WKH6/'IRUWUDLQLQJVDPSOH7
$VVXPHWKDWWKHPRGHORI=IRUJLYHQ< \LV
\= ; (P    
ZKHUH \; LV D GHVLJQPDWUL[ ȝ
 ȝ ȝ DQG( LV WKH QYHFWRU RI UDQGRP HUURUV WKDW KDVPXOWLYDULDWH
*DXVVLDQGLVWULEXWLRQ1Qı5
&RQVLGHU WKH SUREOHP RI FODVVLILFDWLRQ HVWLPDWLRQ RI <V RI WKH IHDWXUH REVHUYDWLRQ
      Q= = V V ' V 6   ZLWKJLYHQWUDLQLQJVDPSOH7 W
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